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INTRODUCTION. 


The  advisability  of  softening  a water  has  been  known 
for  a long  time.  In  1841  Clark  patented  bis  method  for  sof- 
tening water,  although  nearly  a hundred  years  before, Thomas 
Henry ,F.  R.  S.  of  Manchester  proposed  the  softening  of  water 
with  lime*. 

*Arohbutt  & Dee ley*  J.  S.  G.  I*  10-511. 

Clarks  process  was  used  universally  for  many  years 
and  even  at  the  present  day  finds  favor  with  some*  By 
Clarks  method  is  understood  the  adjusting  of  the  proper  pro- 
portions of  lime  for  softening  water.  It  consists  in  de- 
termining alkalinity  with  oxalic  acid*  free  caustic  al- 
kalinity with  silver  nitrate,  and  hardness  with  the  soap  method* 
The  demands  for  a more  accurate  method,  especially  when  deal- 
ing with  a magnesium  water  have  been  felt* 

Porter*  later  was  the  first  to  patent  any  method  for 
filtering,  and  made  the  softening  process  a continuous  one* 

* J.  S.  C.  I.  Yol.  3 - 1884* 

Mr*  James  Duncan  in  1884*  at  his  sugar  refinery, was 
the  first  to  practically  test  the  Clark-Porter  process  on  a 
large  scale.  later  the  Northwestern  Railroad  at  Camden, 
Willisden  and  Liverpool;  paper  makers,  brewers  and  others 
used  it. 

In  1886  Wm.  Macnab  and  G.  H.  Beckett*  were  the  first 
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* J.  S.  C.  I.  5 - 267. 

to  discover  that  caustic  soda  or  lime  and  soda  ash  were  in- 
dispensihle  if  all  magnesium  was  to  be  removed. 

ITp  to  that  time  either  lime  or  soda  ash  alone  had  been 
used.  Ivison  Macadam*  mentions  the  use  of  sodium  phosphate 

* J.  S.  C.  I.  Vol » 3 - 12. 

for  softening  water  but  does  not  state  its  properties,  also, 
soda  tar  obtained  from  the  purification  of  pa^rafine  oil  con- 
taining sodium  hydrate,  sodium  carbonate  and  oil* 

Archbutt  and  Deeley*  in  1891,  published  a paper  claim- 

* J*  S.  C.  I.  10  - 511* 

ing  to  be  the  first  to  use  soda  ash  and  lime  on  a large  scale 
for  softening  water. 

At  the  present  day  the  softening  of  water  with  soda 
ash  and  lime  is  well  known  and  apparatus  applying  these  rea- 
gents either  alone  or  combined  are  in  general  use* 

*/ 

We  beg^n  our  work  by  making  comparisons  of  short  methods 
of  analysis  with  gravimetric  determinations*  We  then  apply UA 
the  short  methods  to  the  adjustment  of  reagents  to  soften  a 
type  of  water  which  contains  bicarbonates  of  the  alkalies  and 
alkaline  earths.  This  work  is  recorded  in  part  I.  Finding 

some  aromalies  we  made  a more  detailed  study  of  the  reactions 
taking  place  when  lime,  caustic  soda,  soda  ash,  and  lime  and 
soda  ash  were  used.  These  results  are  reported  in  part  II* 
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REASONS  FOR  SOFTENING. 

By  softening  a water  is  meant  the  removing  as  com- 
pletely as  possible,  all  chemical  compounds  which  consume 
3oap*  These  are  to  be  considered  as  all  water  soluble  salts 
of  calcium,  magnesium,  iron  and  aluminium.  The  most  com- 
mon compounds  in  whioh  these  elements  occur  are  bioarbon- 
ates,  carbonates,  sulphates,  chlorides  and  nitrates.  Phos- 
phates are  also  usually  present  in  small  quantities  in  all 
waters • 

Any  water  containing  notable  quantities  of  acid 
would  not  be  used  in  boilers,  for  industrial  purposes, nor  in 
the  household.  Of  possible  acids,  the  only  one  that  will  be 
considered  here  is  carbonic  acid,  although  waters  containing 
free  hydrogen  sulphide,  sulphuric,  hydrochloric,  and  nitric 
acids  are  sometimes  found. 

It  must  be  borne  in  mind  that  the  above  mentioned  com- 
pounds are  not  the  only  ones  which  might  cause  trouble.  Wa- 
ter containing  excessive  amounts  of  the  salts  of  sodium  and 
potassium  oannot  be  used  in  boilers,  and  these  salts  can  only 
be  removed  by  distillation.  Such  elements  as  barium,  silica 
and  the  halogens,  other  than  chlorine,  abound  in  some  natural 
waters  and  of  course  must  be  dealt  with  if  such  waters  are  to 
be  softened.  Again  excessive  amounts  of  organic  matter  com- 
ing from  swamps,  sewage  or  industrial  wastes  are  troublesome. 
Waters  containing  oils,  fats  or  grease,  cannot  be  used  suc- 
cessfully in  boilers. 

There  are  three  common  reasons  why  a hard  water  should 
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be  softened.  First,  because  of  the  action  on  boilers.  Sec- 
ond,  because  they  consume  soap.  Third,  because  they  inter- 
fere in  industrial  pursuits. 

The  action  of  waters  in  boilers  may  be  outlined  as 
follows: 


( Pitting* 

2*  Corrosion  ( 

( Grooving  etc* 

3*  Foaming  & Priming* 

Waters  which  cause  incrustation  may  be  divided  into 
three  general  classes* 

I Waters  containing  carbonates  of  calcium,  magnesium 
etc.,  usually  present  in  the  form  of  bioarbonates * ll  Wa- 
ters containing  sulphates  of  those  elements*  III  Waters 
containing  both  carbonates  and  sulphates: 


as  a sludge  and  may  be  easily  blown  off*  The  presence  of  so- 
dium carbonate  assists  in  the  removal  of  calcium  and  magne- 
sium -bicarbonates  , to  the  extent  of  the  solubility  of  the 
normal  carbonates.  This  solubility  varies  according  to  the 
presence  of  other  salts.  It  is  the  writers  opinion  that  so- 
dium carbonate  decreases  that  solubility.  Whipple  and  Mayer* 

*Jo.  of  Inf*  Dis . ( Sup.  1 & 2 } 151. 


1.  Incrustation* 


The  first  class  may  have  sodium  carbonate  present  in 


which  case  a soft 


thrown  down 


found  that  in  the  presence  of  500  parts  calcium  sulphate  but 
4*5  parts  calcium  carbonate  were  soluble.  They  give  the  sol- 
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ubility  of  calcium  carbonate  in  pure  water  as  12  to  14  parts 
per  million.  Other  investigators  say  30  to  40  parts  per  mil- 
lion. 

If  there  is  no  sodium  bicarbonate  present  in  waters  of 
class  I the  bicarbonates  of  calcium  and  magnesium  are  precipi- 
tated on  heating  because  of  the  loss  of  carbon  dioxide  and 
concentration.  This  may  be  illustrated  by  the  following  e— 

quationT 

G&CO3  H2OO3  ^ CaC03  ♦ CO 2 ♦ HgQ » 

MgCOaHeCOa  ® MgGOg  + COa  + HgQ  • 

Waters  of  this  class  form  a comparatively  soft  scale. 

Waters  of  class  II  are  precipitated  in  a boiler  be- 
cause of  concentration  and  of  pressure  exerted  upon  them. 

They  form  an  extremely  hard  scale  and  when  the  water  contains 
bicarbonates  also,  as  in  class  III  are  cemented  into  the  scale. 

Silica  if  present  plays  no  small  part  in  the  scale  formed. 
Waters  containing  iron,  present  as  a bicarbonate, are  precipi- 
tated as  a hydrate  which  is  soft  and  gelatinous*  Aluminium 
does  not  occur  to  a very  appreciable  extent  in  any  form  in  a 
natural  water.  When  present  in  solution  it  is  usually  in  the 
form  of  aluminium  silicate,  formed  from  the  breaking  down  of 
rocks , 

Sometimes  bicarbonates  are  previously  removed  by  using 
the  exhaust  steam  from  the  engine,  to  heat  the  water,  thus 
driving  off  the  carbon  dioxide  and  precipitating  the  car- 
bonate. Such  an  apparatus  is  called  a Feed  Water  Heater. 

The  permanent  hardness,  composed  mainly  of  sulphates 

J-'-'-i -==■  
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of  the  alkaline  earths,  is  best  removed  by  treatment  with  so- 
dium carbonate  and  lime  previous  to  their  use  in  boilers,  but 
in  a great  many  cases  the  water  is  treated  directly  in  the 
boilers » 

When  lime  is  added  to  a water  containing  bicarbonates 
of  calcium  and  magnesium  and  iron  they  are  precipitated  ac- 
cording to  the  following  equation. 

CaC03HsC03  ♦ Ga(0H)2  - 2CaC03  + 2HS0 
In  the  case  of  magnesium  bicarbonate  a soluble  basic 
salt  is  first  formed  after  which  the  magnesium  is  precipitated 
as  magnesium  hydrate.  Considering  these  two  steps  in  one,  the 
equation  may  be  written* 

MgCOaHgCOa  + 2Ca(OH)s  - MgfOH)a  + 2CaG03  + 2H80 

Iron  bicarbonate  is  removed  or  precipitated  as  the  ferrus 

/> 

hydrate,  but  usually  oxidized  to  ferric  hydrate* 

FeC03HaC03  + 2Ca(0H)a  ± ^fOH)a  ♦ 2CaC03  ♦ 2HaG 
For  the  removal  of  calcium  sulphate,  sodium  carbonate 
is  required*  The  reaction  in  this  case  is  written  as  follows: 
CaSO*  + ITaC03  - CaC03  ♦ HaaS0* 
i/itn  magnesium  sulphate,  sodium  carbonate  forms  a sol- 
uble basic  salt  which  in  turn  is  precipitated  as  a hydroxide 
by  lime.  Thus,  writing  both  steps  in  one. 

MgS04  + ITagCOa  ♦ Oaf  OH)  a ~ Mg(QH)a  ♦ CaC03  ♦ Ha8S04 
Hence  it  may  be  seen  that  in  order  to  remove  magnesium 
sulphate  entirely  from  a water  it  is  neceasary  to  use  an  ex- 
tra portion  of  lime.  Lime  alone  will  precipitate  magnesium 
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sulphate  as  magnesium  hydrate  hut  the  calcium  sulphate  formed 
is  just  as  troublesome. 

Carbon  dioxide  if  present  is  removed  by  lime  or  soda 
according  to  the  following  equations. 

C02  + CA(OH) 2 - CaC03  ♦ H20 
CO 2 ♦ HgO  4*  HaaC’  ^ ^ SITaHCOg 
In  the  last  equation  no  precipitate  is  formed*  “is1 
amfey  up,  lime  will  remove  all  alkaline  earthy  bicarbonates 
and -all  units  uf  uia^iiuai-iim  except  magnoaiuM  nu-lpht>£e-»  Mag- 
nesium bicarbonate  requires  for  each  part,  two  parts  of  lime 
for  its  removal*  Sodium  carbonate  will  remove  all  salts  of 
calcium  but  magnesium  requires  in  addition  one  part  of  lime* 
Salts  of  iron  and  aluminium  are  precipitated  as  hydrates* 

Scale  is  of  a disadvantage  because  of  the  greater  a- 
mount  of  coal  which  must  be  used  to  produce  steam  and  also 
Weakens  the  boiler  plates,  which  has  caused  serious  accidents* 
Experiments  carried  on  by^ mechanical  engineering  department 
of  the  ITniversity  of  Illinois*  show  that  the  loss  due  to  a 


*L.  P*  Breckenridge , H*  K*  Gaz.  Tol*  51  P.  60 


scale  in  a boiler  3/64"  thick  was  9*55#  efficiency* 

The  following  from  Scientific  American  Supplement 
Volume  58  P.  830  Baron  and  Stromeyer,  illustrates  how  boiler 

plates  are  weakei  I and  are  liable  to  cause  serious  accidents* 
Q(  It  has  frequently  been  stated  that  scale  seriously 

reduces  the  heat  efficiency  of  boilers, and  experiments  have 
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teen  made  which  seem  to  prove  this  assertion,  but  it  will  be 
found  that  they  have  been  carried  out  on  wrong  lines , and 
they  ©nly  prove  that  scale  very  seriously  interfers  with  the 
transmission  of  heat  if  the  heat  source  (usually  a flame)  is 
of  equal  temperature  on  the  whole  surface® 

In  a boiler  the  temperatures  vary  from  3000  deg*  F.  to 
4000  deg*  F.  when  the  gasses  leave  the  boiler*  Let  us  take 
a simple  case  assuming  for  convenience  of  calculation  that 
the  heat  transmission  from  flame  to  boiler  plate  is  proportional 
to  the  difference  of  temperature.  Let  the  ratio  of  air  to 
fuel  be  as  20:  1;  let  the  air  temperature  be  80  deg.  F.  I 
the  steam  temperature  is  380  d§g.  F*  the  maximum  temperature 
will  only  be  20  deg*  F.  higher  than  that  of  the  steam  viz; 

400  deg.  F.  Fow  let  us  assume  the  heating  surface  is  covered 
with  a scale  l/8  thick,  then  if  the  same  quantity  of  heat 
were  transmitted  through  the  cooled  furnace  plates  as  through 
the  clean  ones  the  temperature  difference  between  one  side 
of  the  scale  and  the  fire  side  of  the  furnace  would  be  350 
deg*  F.  It  is  however  clear  that  as  the  boiler  plate  is 
hotter  than  in  the  first  example,  less  heat  will  be  trans- 
mitted to  it  and  the  temperature  gradient  in  the  scale  will 
be  less  steep,  naturally  also  the  flame  will  not  get  cooled 
so  rapidly  and  its  temperature  as  it  reaches  the  next  portion 
of  heating  surface  will  be  higher  than  before.  The  temperature 
distribution  then  will  be  roughly  as  follows* 


TEMPERATURE  DISTRIBUTIOI  II  A BOILER 


Square  feet 
of  heating 
Surface  per 
lh.  of  fuel 
per  hour. 

0 

1/4 

1/2 

1 

2 

4 

8 

BOILER  WITH  PLATE  PRES  PROM  SCALE  « 

1 lJ . . _ 

Flame  and  flue 
temperature 

ag.  p. 

■ 

2000 

2421 

1961 

1336 

720 

4E6 

381 

Maximum  plate 
temperature 
dg.  P. 

400 

336 

392 

387 

385 

381 

380 

Total  Heat 
transmitted 
pQr  cent 

0 

19.8  ‘ 

35.6 

1 

‘ 157.0 

77.8 



89.2 

89.7 

r " — — 

BOILER  WITH  SCALE  l/8  II.  THICK. 

• / 

'Flame  and 
flue  tem- 
perature 
dg  • P. 

3000 

2484 

2070 

1471 

835 

453 

384 

Maximum  plate 
t emu e nature 
dg.  F. 

621 

630 

581 

610 

434 

~ 

389 

382 

Total  heat 
Transmitted 
per  cent. 

0 

18,6 

31.8 

52.4 

74.2 

87. 

89. 5 
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Boilers  are  generally  designed  to  have  1-1/2  to  2 
square  feet  of  heating  surface  per  pound  of  full  "burnt  per 
hour  under  ordinary  working  conditions.  Pour  square  feet  in 
Table  I represents  a lightly  worked  boiler  and  l/4  square 
feet  represents  the  heating  surface  usually  swept  by  the 
flame * 

It  will  be  seen  that  even  for  this  small  value  of  heat- 
ing surface  to  fuel,  the  addition  of  scale  l/8  inch  in  thick- 
ness only  reduces  the  transmitted  heat  by  11.5$  whereas, 
where  the  gases  reach  the  end  of  a lightly  worked  boiler. 

Where  this  value  is  4*,  we  find  that  the  total  reduction  has 
fallen  to  only  2.5$.  We  may  therefore  safely  say  that  even  a 
thick  coating  of  scale  does  not  naturally  reduce  the  effi- 
ciency  of  a boiler.  On  the  otherA,  Table  I,  shows  very  clear- 
ly that  even  l/8  inch  of  wet  scale  raises  the  temperature  of 
the  furnace  plate  in  this  case  by  nearly  300  deg,  P, 

In  this  particular  instance  there  is  therefore  danger 
that  the  furnace  has  been  sufficiently  weakened  by  heat  to 
be  nearly  collapsing.  Scale  is  thus  a serious  danger,  and, 
as  is  well  known, has  frequently  caused  accidents. 

It  will  be  noticed  that  in  a clean  boiler  the  excess  tem- 
perature is  nearly  the  same  as  that  of  the  water,  whereas  in 
the  scaly  boiler  the  excess  temperature  is  about  1/10  of 
that  of  the  flame.  If  therefore  in  the  first  case  we  open  the 
furnace  door  and  admit  oold  air,  the  excess  temperature  of 
the  furnace  plate,  can  at  most  be  reduced  20  deg,  P,  causing 
a contraction  of  only  1-90  inch  in  8 feet,  whereas  cold  air 
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admitted  to  the  furnace  of  the  scaly  boiler,  will  effect  a rapid 
reduction  of  about  311  deg*  P . , accompanied  by  a reduction 
of  1-16  inch  in  8 feet  which  is  a very  serious  matter.  In 
factj in  a rigid  structure  these  two  strains  would  be  accom- 
panied by  stresses  of  15  and  22  tons  respectively.  Boilers 
are  elastic,  but  a large  fraction  of  these  stresses  certain- 
ly make  their  appearance  every  time  the  furance  door  is  o- 
pened,  say  one  every  one-half  hour  or  six  thousand  times  a 
year.  Ho  wonder  therefore  that  in  high  pressure  boilers  which 
are  necessary  more  rigid  than  low  pressure  ones , that  constant 
straining  leads  to  grooving  at  the  furnace  flanges.  With 
scale  1/4"  thick  the  stresses  would  be  nearly  doubled.  It 
may  thus  be  seen  that  scale  does  not  materially  reduce  the 
efficiency  of  a boiler  but  it  seriously  increases  its  wear 
and  tear*  whereby  its  life  is  considerably  reduced.  It  also 
endangers  the  safety  of  boilers* 

CORROSIOH. 

Corrosion*  according  to  Christie*  is  usually  attributed 

*"Boiler  Waters",  Hew  York,  1906.  P.  74. 

• 

to  the  following  reasons. 

1.  Patty  acids  from  decomposition  of  animal  or  vegetable 
matters . 

2.  Hydrochloric  acid,  due  to  the  decomposition  of  mag- 
nesium chloride  in  sea  waters  at  high  temperatures. 

3*  Galvanic  action. 


4*  Use  of  salt 


5,  Presence  of  carbonic  acid  in  waters* 

Fatty  acids  are  formed  by  the  decomposition  of  oils 
used  for  lubricating  engines.  The  oil  is  broken  into  the 
fatty  acid  and  glycerine ? the  acid  attacking  the  boiler  and 
forming  the  corresponding  iron  soap. 

Waters  containing  magnesium  chloride,  sodium  chloride 
and  ferr^is  chloride  in  notable  quantities  are  decomposed  into 


free  hydrochloric ^according  to  the  following  equations* 

MgCls  + HgO  * MgO  ♦ 2HG1* 

MgSO*  + 2HaCl  + H20  - Ua2S0^  ♦ MgO  + 2HC1. 

Si02  ♦ JBSfaClv  «►  H*0  - IasSi03  ♦ 2HC1. 

SFeGls  + 2J&S1  + «fMttr* 

UH^Cl  « UH3  + Jfd. 

Sulphuric  acid  is  also  formed  in  boilers  by  the  decom- 
position of  sulphates  present  in  water* 


Al^SOja  + 3HS0  r -SBag.*  A1303  + 3HS30. 

H.S  + 40  : HeSO* 

jHIUJeSO*  = 2HH3  + H8S04 

4Fe8(S0j3  ; (s’es03)A  • 

Corrosion  caused  by  Galvanic  action  is  not  thoroughly 
understood.  But  it  is  usually  thought  that  an  electric  current 
is  set  up  by  some  electrolyte  in  the  water  and  the  boiler  plate. 
In  some  boilers  when  copper  ferrules  are  used  on  the  ends  of 
the  boiler  tubes  galvanic  action  has  been  set  up  causing  cor- 
i osion . Corrosion  by  galvanic  action  and  the  formation  of 
scale  on  boiler  plates  has  been  lessened  by  placing  sheets  of 
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o(£  zinc  in  the  boilers*  By  this  means  the  boiler  plates  are 
saved  at  the  expense  of  the  zinc. 

A pui»tr water  often  corrodes  boilers  because  of  presence 
of  free  carbondioxide . Christie*  says,  "A  heavy  fall  of  snow 

*Boiler  Waters  P.  88. 


melting  quickly  over  a large  watershed  is  sure  to  give  a very 
pure  water  to  the  rivers  draining  the  same,  and  if  feed  wa- 
ter is  pumped  from  the  river  containing  frequently  less  than 
one  part  of  solid  matter  to  100,000  and  used  in  a boiler 
which  has  no  scale  veneer,  bad  corrosion  is  certain  and  has 
caused  endless  trouble,  the  corrosion  being  due  principally^ 
to  free  carbon  dioxide.’’ 

Rain  water  which  has  absorbed  gases  or  acid  vapors 
from  the  air  has  been  known  to  corrode  boilers.  Acids 
formed  sometimes  when  a large  amount  of  organic  matter  is 
present  in  a water  act  a3  corrosive  agents.  Corrosion  is  less 
on  wrought  iron  than  on  steel*. 

^ ■ — - ■ - - _ - . 

*M±.  T.  Andrews,  Inst.  C.  E*  Yol.  7?  - 323. 

Sir  W.  Siemends  * says^s  the  maganese  in  a mild  steel 

*Inst . C.  E.  Yol,  88  - 28. 

is  increased,  so  is  the  tendency  to  corrode  increased.* 

Mallei  says^the  alloys  of  potassium,  sodium,  barium. 
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aluminium,  magnesium,  silver,  platinum,  antimony,  arsenic  with 
iron  corrode  more  rapidly  than  pure  iron  while  the  presence 
of  nickel,  cohalt,  tin,  copper,  mercury  and  chromium  afford 
protection,  the  effect  varying  in  each  case  in  the  order  named* 
Priming^  according  to  Christie3*6  occurs  when  water  is 

*Boiler  Waters  p.  117. 

carried  as  steam  bubbles,  with  the  steam,  up  through  the  water 
to  its  surface  and  may  be  considered  as  affecting  the  entire 
depv,h  of  uhe  water  in  a boiler.  The  same  author  says**  "Foam- 

**  Boiler  Waters,  P.  117, 


ing  is  the  result  of  suspended  impurities  in  the  water  which 

rise  to  its  surface  in  a more  or  less  dirty  condition  and  form 

a scum” » 

Salts  of  sodium  and  potassium  cause  foaming.  Since 
sodium  sulphate  is  present  in  a good  many  softened  waters 
tests  were  made  ^ by  a certain  water  softener  to  ascertain 
the  concentration  necessary  to  produce  foaming. 

In  three  tests  on  as  many  different  boilers  it  was 
found  that  from  300  to  400  grains  produce  foaming.  Foaming 
is  produced  quicker  by  the  presence  of  small  particles  of 
matter  in  suspension  and  by  the  presence  of  other  salts.  It 
is  of  a disadvantage  because  of  the  waste  of  fuel  and  water, 

water  being  carried  over  with  the  steam.  Also  the  height  of 
water  in  the  boiler  is  not  known  accurately  thus  causing  danger 


* < 
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of  explosion* 

B.  R.  Tatlock  and  R.  T.  Thomas*  have  the  following  to 
say  regarding  priming. 

*J.  ,S.  C.  I.  1904.  Vol.  23-428. 

"It  has  been  stated  that  water  containing  carbonate  of  soda  is 
apt  to  cause  priming  in  a boiler,  but  we  are  assured  that  there 
has  not  been  the  slightest  tendency  in  this  direction  with  the 
water  under  consideration. 

Grains  per  Gallon. 


CaCOg 

1.97 

MgOOa  t 

4.22 

3r&»sc>3 

22  .26 

12.15 

EaEOa 

0.10 

EaCl 

2.28 

Organic  Matter 

0.30 

Total------- 

43.28 

After  using  in  a boiler  which  had  been  five  weeks 
under  steam  the  residual  water  had  the  following  composition. 
Ra2C03  949.76 

HaOE  123 .20 

EasSp*  776.79 

.86 

126.97 


KaKOa 

EaCX 

SiOg  + Alg03 


.34 
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Organic  Matter  2.20 

Total  Solids  1939.71 

Suspended  Matter  1094.00 

"It  has  been  stated  that  water  which  contained  sodium  sul- 
phate had  the  same  objection,  but  although  we  had  no  less 
than  776  grains  per  gallon  of  this  compound  in  concentrated 
water*  it  is  absolutely  devoid  of  the  property  assigned  to 
it.  "From  our  experience  the  subject  of  priming  is  a very 
obscure  one,  and  the  most  contradictory  statements  have  been 
obtained  by  us  on  this  subject."  "It  is  our  opinion  that  in 
the  positive  statements  as  regards  priming,  all  the  conditions 
have  not  been  taken  into  accounts,  but  that  probably  because 
sodium  carbonate  or  sodium  sulphate  happened  to  be  present 
in  excess  when  priming  took  place,  these  were  credited  with 
the  defect."  "These  show  clearly  that  at  the  present  day 
no  definite  conclusions  can  be  drawn  from  an  analysis  of 
water  as  to  whether  it  is  likely  to  cause  priming  or  other- 
wise." 

In  industrial  pursuits^ in  laundry  and  household  a 
soft  water  is  desired  owing  to  the  large  amount  of  soap  con- 
sumed by  a hard  water.  The  following  table  by  Howe*  indicates 

* Aspect  of  Water  Filtration.  Pittsburg,  1906. 


this 
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Hardness  Grains 
per  Gallon, 

* 

5 ' 

10  ^ 

15 

20 

25 


Pounds  Soap  de- 
stroyed per 
1000  gallons, 

8.5 
17.0 
25.5 
- 34.0 

■ - 42.5 


Cost  at  five 
cents  per 
pound  • 

$ .41 

0 .82 
1.23 
1.64 
2.05 


" Cloth  washed  in  soft  water  is  much  whiter  and  softer 
and  the  saving  in  soap  will  amount  in  many  cases  to  50  or  60$ v 

- Howe . 

The  use  of  hard  water  in  the  household  is  of  a dis- 
advantage not  only  because  of  the  larger  amount  of  soap  neces- 
sary. hut  because  of  other  things.  All  kettles  become  coated. 
Water  backs  have  been  known  to  be  completely  stopped  and  to 
cause  explosions  and  serious  damage.  Hard  water  hinders  the 
solution  of  coffee  and  tea  with  which  it  is  prepared  owing  to 
the  fact  ^hat  the  large  amounts  of  salts  present  in  the  water 
prevent  solution  of  the  coffee  and  tea. 

In  the  brewing  business  a hard  water  is  undesirable 
because  it  clogs  the  refrigerators.  In  starch  and  sugar  man- 
ufacturing , in  fact  in  nearly  all  manufacturing  concerns,  a 
hard  water  is  disadvantageous. 

Iron  salts  spoil  a drinking  water  because  of  its  dis- 
agreeable appearance.  For  some  reason  it  seems  to  be  as- 
sociated with  the  bacterium  crenothrix.  This  is  a filament/ous 
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plant  growing  without  the  aid  of  light.  It  gives  a water  a 
very  disagreeable  taste  and  odor.  Since  it  can  exist  without 
light  it  collects  in  water  mains  etc.  and  has  been  known  to 
completely  clog  them. 

In  tanning,  iron  salts  form  a precipitate  with  the 
tanning  solution  and  is  therefore  not  desirable. 

In  the  laundry  it  discolors  the  clothes.  Used  for 
dyeing  it  saddens  the  colors . In  fact  there  is  not  a single 
instance  where  iron  in  water  is  not  disadvantageous. 


METHODS  OF  ADAIYSIS. 

FREE  CARBOU  DIOZIDE.  Carbon  dioxide  may  be  determined 
in  several  ways.  Probably  the  most  important  of  these  are 
the  Pettenkoffer  method,  Seylers  method  is  a modification  of 
Pettenkoffer  method,  and  is  sometimes  called,  Lunge-Trillick 
method^ 


Pettenkoffer s method  consists  in  adding  barium  or 
calcium  hydroxide  to  a water,  which  precipitates  the  free  and 
half  bound  carbonates  whereby  the  insoluble  carbonate  is 
formed.  In  excess  of  precipitant  is  used  and  the  calcium 
hydrate  or  barium  hydrate  remaining  is  titrated  with  a standard 
acid.  Since  the  magnesium  salts  are  precipitated  as  hydroxide 
instead  of  carbonate,  they  interfere. 

Pettenkoffer  overcomes  this  difficulty  by  adding  am- 
monium chlorides  to  the  solution,  which  prevents  loss  of  barium 
hydrate  or  calcium  hydrate. 

Trillichfs  method  differs  from  Pettenkoffer’s  in  that 
the  magnesium  is  determined  gravimetrical'ly  in  another  portion 


of  the  water*  Since  40  parts  of  magnesium  oxide  would  react 
with  as  much  barium  hydrate  or  calcium  hydrate  as  44  parts  of 
free  carbon  dioxide  the  correction  is  obtained  by  multiplying 
each  part  of  magnesium  oxide  present  by  1*1  and  subtracting 
the  product  from  the  apparent  amount  of  carbon  dioxide.  In 
order  to  get  the  free  carbon  dioxide^  Trillich  uses  the  portion 
in  which  the  carbonates  have  been  precipitated  and  titrates 
with  hydrochloric  acid?using  cochineal  indicator#  This  re- 
presents  the  total  carbon  dioxide#  By  subtracting  the  free 
and  half  bound  carbon  dioxide  from  the  total,  the  fixed  carbon 
dioxide  is  determined*  The  Lunge -Tril 1 ich  or  Seyler  method 
consists  mainly  in  determining  the  free  carbon  dioxide  present 
in  water  by  titrating  directly  with  sodium  carbonate^ the  reac- 
tion with  carbon  dioxide  being  the  forming  of  sodium  bicar- 
bonate which  shows  acid  to  phenophthalein#  Upon  the  addition 
of  more  sodium  carbonate  a pink  coloration  is  formed, which 
is  the  end  point. 

J,  HIT#  Ellms  and  J,  C.  Beneker*  make  the  following 
conclusions  regarding  these  methods. 


*J . Am.  Chem.  Spc.  Tol#  20-205. 


Trillichs  modification  of  Pettenkoffers  method  is 
less  accurate  than  the  Seyler  method  but  more  accurate  than 
the  Pettenkoff er. 

F.  B.  Forbes  and  G.  H.  Pratt*  describe  a modification 


* 


J,  Am.  Chem,  Soc.  Yol.  25-742# 
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by  Dr.  R.  M.  Brown  for  separation  of  free  from  half  Fbund  car- 
bon dioxide  as  follows.  "A  piece  of  glass  tubing  about  2-1/2 
feet  long  and  5/8"  in  diameter  drawn  out  at  one  end  to  a 
small  aperture  is  inserted  through  a rubber  stopper  into  the 
mouth  of  an  aspirator  bottle  having  a side  tubulus . The 
glass  tube  is  filled  with  gravel  about^size  of  peas.  A 
strong  current  of  air  is  drawn  down  through  the  gravel  by 
means  of  an  aspirator  while  water  is  slowly  dropped  into  the 
tube  at  the  top  from  a separatory  funnel,  at  the  rate  of  a- 
bout  two  drops  a second.  The  water  collects  in  a bottle  and 
when  in  sufficient  quantity, is  withdrawn  and  the  half  bound 
carbon  dioxide  determined  by  Pettenkoffer  method#  By  this 
means  the  free  carbon  dioxide  is  eliminated  while  the  half 
bound  is  unaffected.  Results  agree  closely  with  Seylers 
method ." 

The  direct  method  consists  in  catching  the  free  ear- 
bon  dioxide, set  free  by  boiling  with  aci&^in  potash  bulbs 
and  noting  the  increase  in  weight, 

Leeds*  working  independently  was  the  first  to  use 

* J.  Am.  Ghem.  Soc.  189.  P.  72. 

sodium  carbonate  in  determining  carbon  dioxide. 

Seylers  method  has  been  used  in  our  experiments . It 
has  been  carried  out  as  follows. 

£ 

One  hundred  c.c,  are  titrated  with  phenophthalein  in- 
dicator to  a pink  coloration,  with  E/50  sodium  carbonate. 

HaaCOs  + CO2  ♦ EsO  2 2ITaHG03 « 
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The  number  of  c.c.  Na8C03  solution  re 
equal  to  the  carbon  dioxide  in  the  water  in  terms  of  calcium 
carbonate *  * 

ALKALINITY  — TEMPORARY  HARDNESS. 

The  present  method  of  determining  alkalinity  or 
temporary  hardness  was  first  brought  out  by  Hehner.  Hehner 
titrated  with  N/lO  HC1  using  methyl  orange  indicator.  Other 
authors  differ  from  Hehne^s  method  merely  in  indicators  used 
and  strength  of  acid.  Hehner  also  recommends  the  use  of 
phenacetolin.  Sutton  and  Thompson  lacmoid.  J.  W.  Ellms 
erythrosine  , Pheifer  and  Wartha  alizarine.  Clark  titrated 
alkalinity  with  oxalic  acid. 

In  our  work  three  drops  of  methyl  orange  has  been 

used. 

Prof.  H.  R.  Procter*  recommends  the  use  of  the  small - 
*J.  S.  C.  I.  2308.  (1904) 

est  amount  of  indicator  and  gives  the  following  results  to 
prove  the  advisability. 

To  produce  pink  color 

1.5  c.c.  N/lO  HC1  were  required  by  8 drops  of  methyl  orange 

• 5 ” " 4 « »»  n 

.5  ,T  ” 2 tt  tt  ir 

He  says  methyl  orange  is  not  entirely  unaffected  by 
carbon  dioxide,  since  it  produces  a somewhat  crocus  yellow. 

The  following  method  has  been  used  in  our  experiments, 
100  c.c.  of  water  are  placed  into  a 200  c.c,  measur- 
ing ilask  using  three  drops  of  methyl  orange  indicator.  A 


quired  ^ 10  Is 
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white  tile  or  a piece  of  white  paper  is  placed  underneath  the 
flask  so  as  to  bring  out  the  change  in  color  more  prominently. 
This  is  then  titrated  with  iT/50  sulphuric  acid,  each  c.c.  of 
which  multiplied  by  ten  gives  the  temporary  hardness  in  parts 
per  million  of  calcium  carbonate. 

Reactions . 

GaCOa  +■  HgSO^  3 GaSO^  •y  H2CO3 
OaGOaEgCOs  +•  HgSO^  3 GaSQ^  $ 2HgC03 

MAGEESIUM.  The  method  for  determining  total  magnesium 

yt  

owes  its  origin  to  Pheifer  and  Wartha*  Zeit  schrift  fur.  Ange- 
wante  Chemie  (1902)  -198,  and  is  carried  out  as  follows; 

The  portion  of  water  in  which  alkalinity  was  determined 
is  boiled  to  pxpel  free  &arbondi oxide  whereupon  it  is  trans- 
ferred to  a 200  c.c.  graduated  flask  and  25  or  50  c^c*  of 
saturated  lime  water  are  added.  This  is  then  allowed  to  stand 
in  a water  bath  for  about  fifteen  minutes  to  allow  for  the 
complete  precipitation  of  the  magnesium  present.  After  mak- 
ing this  up  to  5 c.c.  over  the  mark  to  allow  for  contraction 
on  cooling,  it  is  thoroughly  shaken  and  allowed  to  cool,  where- 
upon it  is  filtered  and  the  excess  of  lime  water  determined  by 
titration  of  100  c.c,  with  R/lO  HC1  using  alizarine  indicator. 
At  the  same  time  a blank  of  distilled  water  is  treated  in  ex- 
actly the  same  way.  The  difference  between  the  titration  of 
the  blank  and  the  water  represents  the  amount  of  magnesium 
present  in  terms  of  calcium  carbonate. 

G.  Venturali*  determines  the  magnesium  present  by  first 
*Chem  Centrallblatt  190  - Cl)  (25)  1241 
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precipitating  all  the  calcium  present  with  ammonium  oxalate. 
Then  the  filtrate  is  treated  with  an  excess  of  sodium  car- 
bonate and  boiled,  after  which  the  excess  of  sodium  car- 
bonate is  titrated  with  a standard  acid*  This  method  is  not 
a good  one  since  all  the  magnesium  is  not  precipitated  with 
sodium  carbonate  alone* 

Prof.  Procter*  remarks  that  lime  water  when  boiled  in 

*J.  S.  C.  I.  23-8* 

common  glass  attacks  it,  and  false  results  are  obtained. 

He  says,  "The  boiling  must  in  no  case  take  place  in  an  or- 
dinary  glass  beaker  of  flask,  as  an  amount  of  alkali  is 
dissolved  which  may  lead  to  serious  inaccuracy.  Even  hard 
Jena  glass  is  not  free  from  this,  though  the  amount  dissolved 
is  so  small  that  for  most  pr&otical  purposes  it  may  be  ne- 
glected," "The.  following  experiment  well  illustrates  this 
point. 

100  c*c.  of  distilled  water  boiled  for  one  hour  with 
additions  to  maintain  its  volume  in  a Berlin  porcelain  basin 
showed*  no  alkalinity  or  color  change  with  alizarine,  in  a 
Jena  flask  a perceptible  change  of  color  was  visible  but 
pure  yellow  was  restored  with  one  d^op  of  hydrochloric  acid, 
while  when  boiled  in  ordinary  Bohemian  glass  .4  c.c*  of 
acid  was  consumed,  and  if  the  neutralized  liquid  were  coiled 
again  it  become  alkaline  and  further  additions  of  acid  were 

required. 

Another  irregularity  which  might  occur  and  which  he 


* 
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describes  in  the  same  article  is  the  difference  between  the 
amount  of  acidity  and  alkalinity  to  methyl  orange  and  phen- 
olphthalein  when  filter  papers  were  macerated  with  distilled 
hot  water.  He  says,  ”15  c.m.  filter  papers  of  three. dif- 
ferent makeo  were  macerated  with  distilled  hot  water  and 
proved  in  all  cases  acid  to  phenophthalein  and  alkaline  to 
methyl  orange,"  All  these  difficulties  however  are  overcome 
if  a blank  determination  is  run  at  each  time,  since  in  this 
way  any  discrepancy  which  might  occur  in  the  water  tested 
takes  place  in  the  blank  also. 

In  this  research  the  total  magnesium  is  determined 
as  outlined  by  Pheifer  and  Wartha  except  that  the  neutralization! 
with  acid  is  carried  on  directly  in  a 200  e.c®  flask  so  no 
transferring  is  necessary.  Most  of  the  time  the  water  was  not 
cooled  but  was  titrated  immediately  after  filtering  into 
an  rleruneyer  flask . 

The  reactions  which  take  place  in  the  determination 
of  magnesium  are  as  follows.  Upon  neutralizing  with  acid  the 
carbonates  and  bicarbonates  are  changed  to  sulphates.  The 
reactions  written the  alkalinity  determination  show  this. 

It  is  necessary  to  drive  aff  all  carbon  dioxide  since  it  has 
the  property  of  dissolving  some  of  the  precipitate  of  mag- 
nesium hydrate  formed, 

lime  water  being  added  to  the  carbon  dioxide  free, 
neutralized,  or  very  slightly  acid  water,  the  magnesium 

is  precipitated  as  the  insoluble  hydrate* 


MgSO*  + Ca(OH) * - MgfOHJe  + CaSO* 
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BICRUSTANTS . 

This  determination  also  owes  its  origin  to  Pheifer 
and  Wartha.*  It  was  carried  on  by  them  practically  as  de- 

*Zeitschrift  fur  Angev/ante  Chem. 


scribed  later  in  this  thesis . 

Hehner  first  determined  the  permanent  hardness  by 
evaporating  to  dryness  a quantity  of  water  to  which  a defin- 
ite amount  of  sodium  carbonate  had  been  added,  filtering, 
after  adding  a small  amount  of  water  and  titrating  this 
for  excess  of  sodium  carbonate  with  ff/LO  hydrochloric  acid 
using  alizarine  indicator.  The  loss  of  sodium  carbonate 
was  calculated  to  incrustants  . That  this  method  must  be 
super^e^ded  by  others  when  accurate  determinations  are  re- 
quired may  be  realized  when  one  considers  that  magnesium 
carbonate  is  soluble  to  an  appreciable  extent  in  water.  Con- 
sequently fusing  the  evaporated  portion  was  resorted*. to  con-' 

cyiMtucyTsa ijxlwi/v.  ly^iduu  /' 

vert  the  magnesium  carbonate^,  Vt  this  is  difficult  and  not 
trustworthy. 

S.  Venturoli 1 s*  method  for  total  hardness  is  some- 
what similar  to  Hehnei's  inorustant  method.  He  evaporated 
to  dryness  40  c.o.  of  water  acidulated  with  hydrochloric 
acid,  dissolved  the  residue  in  distilled  water,  added  30, 
or  60  c.o,  sodium  carbonate  and  boiled.  The  excess  of  al- 
kali was  then  titrated  with  standard  acid. 

*Chem . Centr.  1900-1  (25)  124. 
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Vignon,  for  the  determination  of  bicarbonates  add- 
ed lime  water  to  the  water  in  a flask  until  a red  color 
was  produced  with  phenolphthale in  as  indicator.  The  pre- 
cipitate was  then  filtered  and  sodium  carbonate  added  for 
determination  of  incrustants  . 

W.  Peters*  method  is  similar  to  Pheifer  and  7/arthafs 


Chemisches  Zeitschrift  1903-27-11* 
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in  every  respect  except  he  does  not  mention  the  use  of  a 
blank*  In  our  experiments  the  incrustants  have  been  de- 
termined in  the  following  way. 

200  c.c.  of  the  water  was  placed  in  a 500  c.e. 
Erlenmeyer  flask  and  boiled  for  about  fifteen  minutes  to_ 
expel  carbon  dioxide.  ThenA25  c.c*  of  a l/lQ  a elution  vL 
of  equal .b o i lerA  f0T  ten  minutes  more  filtered  into  a 
200  c.c*  flask.  The  excess  of  alkali^titrated  wit3fa.  IF/50 
sulphuric  acid  using  methyl  orange  indicator.  At  the 
same  time  a blank  determination  was  carried  out  in  ex- 
actly the  same  way  using  distilled  water.  The  difference 
between  the  titration  of  100  c.c.  multiplied  by  10  re- 

-L,)  /p-i^  . 

presents  theAincrustants  present  in  terms  of  calcium  car- 
bonate. If  the  water  contains  sodium  carbonate  the  blank 
determination  will  be  less  than  that  of  the  water,  in  which 
case  this  difference  represents  sodium  carbonate  as  cal- 


cium carbonate. 

The  advantage  which  this  method  has  over  Hehner's 
is  that  the  magnesium  sulphate  is  completely  precipitated 


r 


i*rf 
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without  evaporating  to  dryness  and  fusing.  Only  the  al- 
kaline earth  sulphates  affect  the  alkalinity  since  bi- 
carbonates  and  carbonates  are  removed  with  the  formation 
of  an  equivalent  amount  of  sodium  bicarbonate  or  sodium 
hydrate.  Calcium  sulphate  is  changed  to  calcium  carbonate 
and  magnesium  sulphate  to  magnesium  hydrate. 

MgSO*  + 2NaOH  ss  Mg(0H)2  4 Na2SO.* 

CaSO*  + NasC03  ^ CaC03  4 Na230* 

In  this  determination  as  in  the  magnesium  determination 
iron, alumina^and  silica, interfere,  but  since  these  methods 
are  only  for  determining  the  amount  of  reagent  to  add  to 
soften  a water  it  will  not  affect  the  final  result. 

These  determinations  represent  what  is  taking  place 
in  the  water  if  the  reagents  were  added  to  soften.  It  is  add- 
ing of  an  excess  of  reagent  and  determining  this  excess. 

COMPARISON  OF  METHODS  WITH  GRAVIMETRIC  ANALYSIS. 

AH  inspection  of  table  I shows  that  these  methods 
agree  very  well  with  gravimetric  determinations. 

A comparison  of  the  rapid  methods  with  the  gravimetric 
methods  shows  that  when  the  magnesium  and  incrustants  are 
very  high  as  in  Ho.  15474  the  results  by  the  rapid  methods 
are  low.  However  if  this  water  had  been  diluted  with  dis- 
tilled water  to  bring  its  mineral  content  down  to  about  500 
quite  accurate  results  would  have  been  obtained.  In  most  in- 
stances the  gravimetric  results  are  higher  than  the  rapid  method 
gives  . 


. * 
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TABLE  I* 

COMPiRISOH  OF  RAPID  BOILER  WATER  METHOD  WITH  GRAVIMETRIC 


METHOD  OF  ANALYSIS • 


Lah • H o . 

1 

(Mg . as  0aC03 
Rapid  Method 

Mg.  as  CaCOs 

Gravimetric 
Method . 

Incrustahts 
as  CaCC3 
Rapid  Meth 
od. 

Incrustants 
as  CaC03 
Gravimetric 
Method . 

Uni,  Tap. 

135 

144 

70 

74 

154  V 4 

2123 

2657 

2600 

2985 

15478 

123 

144 

-122 

-96 .6 

15531- 

148 

1 33 

-8 

-22  ..1 

15541 

148.6 

172 

339 

348 

15600 

300 

343 

735 

646 

15626 

329 

359 

690 

672 

15649 

184 

208 

-245 

-187 

15656 

164 

304 

350 

381 

15678 

210 

274 

505 

461 

3209 

119 

112 

-21 

• 

<M 

1 

3117 

79 

— 

i 

38 

. — ■— 

15794 

180.6 

176 

51 

33 

i 15795 

201.0  . 

201 

55 

37 
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CALCULATION  OF  CHEMICALS  REQUIRED  TO  SOFTEN  A WATER . 

To  calculate  the  amount  of  reagents  to  add  to  soften 
a ?/ater  after  having  made  these  determinations,  the  carbon 
di oxide » alkalinity, and  magnesium  require  an  amount  of  cal- 
cium oxide  equal  to  .56  times  the  calcium  carbonate  in  terms 
of  which  these  determinations  are  made.  Multiply  by  .74 
to  change  to  calcium  hydrate. 

The  incrustants  in  terms  of  calcium  carbonate  multi- 
plied by  1.06  gives  the  amount  of  sodium  carbonate  to  add. 

In  part  II  of  this  thesis  it  was  found  that  sodium 
bicarbonate  needed  an  extra  portion  of  lime  to  neutralize  it. 
4nd  that  magnesium  is  not  reacted  upon  until  all  the  sodium 
bicarbonate  ia  neutralised.  This  will  be  explained  in  detail 
in  part  II . 


TEST  OF  EFFECTIVENESS  OF  WATER  SOFTENING. 

When  it  is  desired  to  ascertain  the  correctness  of  a 
treatment  the  following  rules  are  generally  recomended. 


If  t.he  amount  of  acid  required  to  produce  the  end 
point  with  phenolphthalein  is  half  that  of  the  methyl  orange 
end  pointy  the  right  amount  of  lime  has  been  added.  If  the 
phenolphthalein  is  more  than  one— half  the  methyl  orang^^an^^ 
excess  has  been  added.  The  difference  between  these  two  ti- 
trations subtracted  from  the  phenophthalein  titration  multi- 
plied by  lO^if  100  c.c.  of  water  are  used  for  titration  is 
equal  to  the  excess  of  calcium  oxide  A as  calcium  carbonate  ) 


added  in  parts  per  million.  This  amount  multiplied  by  .66  gives 
the  amount  of  calcium  oxide  in  excess  . 

In  case  the  water  is  over  treated  with  sodium  carbonate 
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it  will  "be  indicated  "by  the  incrustant  determination  in  which 
a negative  result  will  be  obtained .This  amount  multiplied 
by  1*06  is  equal  \>o^amount  of  sodium  carbonate  in  excess, 
fc/nder-treatment  will  be  shown  by  a positive  test  for  incrus- 
tants , in  which  case  calculate  deficiency  as  in  determining 
excess . 


Having  obtained  these  results,  it  was  thought  that 
they  were  satisfactory  to  be  used  to  determine  the  amount  of 
reagent  to  add  to  soften  water.  Consequently  it  was  decided 
to  soften  the  water  used  for  the  University  supply,  as  it 
comes  from  the  tap  in  the  Chemistry  building.  An  analysis 
of  this  water  by  the  rapid  methods  gave  the  following  results: 

Alkalinity  368  parts  per  million  as  calcium  carbonate 

Magnesium  93  " TT  " " 

Carbon  dioxide  73  " ” 

Incr us  t ant  s ~ 70 

534  - 70  - 464  " " 


For  the  softening,  an  alcohol  barrel  was  obtained,  and 
31.9  gallons  or  117  liters  were  measured  into  it.  From  the 
analysis  made,  it  was  assumed  that  an  amount  of  lime  equi- 
valent to  the  sum  of  the  alkalinity,  magnesium  and  carbon 
dioxide  less  the  negative  incrustants  would  be  needed. 

It  was  thought  that  the  minus  incrustants  or  sodium 
bicarbonate  would  not  need  to  be  neutralised  consequently 

the  alkalinity  due  to  sodium  bicarbonate  was  subtracted  from 
the  total  alkalinity.  Part  II  of  this  thesis  will  show  that 
this  assumption  is  incorrect. 
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464  CaCOa  - 342.6  calcium  hydrate  or  41*1  grains  for  117  liters. 

The  strength  of  our  lime  was  determined  in  the  fol- 
lowing manner:  A large  amount  of  lime  (1000  grams)  was 

slacked  with  approximately  one  third  its  weight  of  water. 

This  was  thoroughly  sampled  and  five  grams  diluted  to  two 
liters j 1«~  c.c.  of  which  was  then  titrated  with  phenolphtha- 
lein  and  methyl  orange.  From  this  titration  it  was  found 
that  89$  of  the  slacked  lime  was  calcium  hydrate. 

A-W  ,5?^  Cr~u  *~f  £ . 

For  this  test  then  41.1  .of  dry^slacked  lime  was 
added  to  the  water  and  allowed  to  stand  for  six  hours  with 
frequent  stirring.  This  test  showed  the  following  results: 
Fifty  c.c.  of  the  water  was  used  to  titrate  and  the  u/ 50 
sulphuric  acid  had  a factor  of  1.05. 

Alkal inity  to  Phenolphthalein  84. 

w Methyl  Orange  122 

Total 206. 

Theoretically  the  alkalinity  should  have  heen  re- 
duced to  the  amount  allowed  for  sodium  bicarbonate  plus  the 
solubility  of  calcium  carbonate  and  magnesium  hydrate.  Our 
results  leaves  an  alkalinity  of  over  60  parts  per  million 
unaccounted  for.  Because  of  the  fact  that  the  alkalinity 
titrations  to  phenolphthalein  and  methyl  orange  were  theore- 
, tically  gjod  we  did  not  understand  the  discrepancy. 

In  a second  treatment,  enough  lime  was  added  to  in- 
c}.ude^534  parts  per  million  in  terras  of  calcium  carbonate  or 

395  parts  per  million  calcium  hydrate  for  117  liters . It 


A 


was  apportioned  as  follows: 


32 


Carbon  dioxide 


Magnesium 

Alkalinity 


2 98 


93 


Sodium  Bicarbonate 


Total 


534 


After  six  hours  this  gave  the  following  results: 
Alkalinity  to  Phenolphthalein  92 » parts  per  million. 


These  results  showed  practically  no  change  in  al~ 
kalinity  from  the  former  treatment.  This  was  to  be  expected, 
since  the  lime  merely  changed  the  sodium  bicarbonate  to  sodium 
carbonate,  which  would  not  Affect  the  total  alkalinity.  But 
this  left  about  60  parts  per  million  of  alkalinity  unaccounted 
for.  For  this  reason  it  was  decided  to  treat 'the  water  with 
varying  amounts  of  lime,  filter  off  the  precipitate,  and 
analyze  the  filtrate  for  calcium  and  magnesium,  to  see  if 
this  extra  alkalinity  could  be  accounted  for.  Part  II  of 
this  thesis  describes  these  experiments® 


fi 


Methyl  Orange  116 0 " 

. 208 


»» 


Total 
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PART  II. 

EXPERIMENTS  IN  SOFTENING  WATER  ; 

The  first  experiment  which  was  attempted  was  carried 
out  in  the  following  manner. 

One  liter  of  the  ?/ater  from  the  University  of  Illinois 
Water  Supply^ the  attempted  softening  of  which  was  described  in 
Part  I of  this  thesis,  was  placed  in  each  of  nineteen  glass 
stoppered  bottles  of  about  two  liters  capacity • 

The  analysis  of  the  mineral  content  of  this  water  made 
February  5th  1906,  gave  the  following  results; 

I0Irs*  HYPOTHETICAL  COMBINATIONS. 


Parts  per 

Parts  per 

Grains 

Million 

Million. 

per 

Gallon. 

Potassium  E 

2 .6 

Potassium  nitrate 

kno3 

1.1 

.06 

Sodium  Na 

29.0 

Potassium  chloride 

KC1 

2.9 

.17 

Ammonium  NH* 

2.3 

Sodium  chloride 

NaCl 

3.5 

.20 

Magnesium  Mg 

34.9 

Sodium  sulphate 

NagSO* 

3.6 

.21 

Calcium  Ca 

70.1 

Ammonium  carbonate 

( NH*  } g CO; 

3 6.1 

.36 

Iron  Fe 

1.0 

Magnesium  carbonate 

MgC03 

121.2 

7.07 

Alumina  A1 

1.3 

Calcium  carbonate 

CaC03 

175.2 

10  .22 

Nitrate  N03 

.7 

Iron  carbonate 

FeC03 

2.1 

.12 

Chlorine  Cl 

3.5 

Alumina 

A1  g03 

2 ,5 

.15 

Sulphate  SO* 

2.3 

Silica 

SiOg 

18.9 

1.10 

Silica  SiOg 

(T> 

• 

CO 

rH 

Sodium  carbonate 

NagC03 

60.5 

3.52 

Total- ... 

397.6 

23.18 

- 34 


This  water  as  may  he  seen^ contains  the  bicarbonates 
of  the  alkalies  and  alkaline  earths,  a very  little  sulphate^ 
chloride,  and  nitrate  of  sodium  and  potassium  and  a little 
iron  carbonate. 

To  each  portion  of  water  was  added  a varying  amount 
of  lime  water  as  shown  in  table  It  The  lime  water  had  an 
alkalinity  of  2405  parts  per  million  as  calcium  carbonate. 

After  standing  for  six  hourw  the  contents  of  these  flasks 
were  filtered  into  similar  bottles.  The  alkalinity  of  the 
filtrates  was  determined  by  titration  with  H/50  sulphuric  acid, 
using  phenc^hthalein  and  methyl  orange  as  indicators.  The 
calcium  and  magnesium  we^determined  by  regular  gravimetric 
methods  using  portions  of  200  c.c.  or  250  c.c*  each*  On  a 
preliminary  test  the  calcium  was  determined  by  titration  with 
potass iunTper"' manganate,  but  as  this  did  not  give  satisfactory 
results,  the  gravimetric  method  was  adopted. 

a 

The  alkalinity  to  phenophthalein  and  the  total  alkalinity 
as  shown  by  methyl  orange  are  reported  in  parts  per  million  in 
terms  of  calcium  carbonate^  at)  correction  being  applied  for 
the  dilution  with  the  lime  water. 

For  example,  the  sample  to  which  20  c.c.  of  lime  water 

was  added  was  multiplied  by  1.02  and  so  forth  for  each  sample 

thus  obtaining  the  alkalinity  resulting  from  the  original  water 

used.  This  correction  was  also  applied  to  each  determination 

of  calcium  and  magnesium,  and  the  calcium  and  magnesium  were 

then  calculated  to  calcium  carbonate  and  magnesium  carbonate 
respectively*  The  results  are  shown  in  Table  II  and  a 


TREATMENT  OF  THE  UNIVERSITY  OF  ILLINOIS  WATER  SUPPLY  WITH  LIME. 
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diagramatic  representation  is  given  on  Plate  ii.  The  abscissas 
representing  parts  per  million  of  the  substances  present  and 
the  ordinates  cubic  centimeters  of  lime  water  added* 

In  inspecting  this  Plate  I*  The  following  facts  are 

noted J 

The  alkalinity  to  methyl  orange  or  total  alkalinity 
decreases  slowly  upon  the  addition  of  10  c.c*  of  lime  water 

hi - From  this  point  there  is  a rapid  decrease  to  the 

point  where  100  c.c^  Prom  this  point  to  160  there  is  prac- 
tically no  change.  Prom  160  there  is  again  a rapid  decrease 
to  260  where  it  again  is  practically  at  a standstill. 

The  slight  decrease  upon  the  addition  of  the  first  10 
c.c.  of  lime  water  is  due  to  the  action  between  carbon  dioxide 
and  calcium  hyd rat e, forming  calcium  bicarbonate.  That  this 
is  correct  may  be  seen  by  inspecting  the  calcium  & pjivi/at  10  c.c. 
We  note  here  an  increase  showing  plainly  that  some  lime  has  gone 

into  solution.  The  next  stage  in  the  alkalinity  curve  that 

L- 

belween  10^100  is  explained  by  the  corresponding  decrease  in 
the  calcium,  showing  that  the  calcium  acid  carbonate  has  been 
neutralized  forming  two  parts  of  calcium  carbonate.  The  mag- 
nesium has  not  been  affected.  The  next  step,  that  between 
100  and  160, the  alkalinity  to  methyl  orange  is  practically 
unchanged  . Only  a very  slight  decrease  is  noted  in  the  cal- 
cium carbonate  and  magnesium  carbonate,  while  the  phenolphtha- 
lein  alkalinity  is  increasing.  From  this  data,  it  is  evident 
that  during  this  stage  the  sodium  bicarbonate  is  reacting  with 
the  lime,  precipitating  calcium  carbonate  and  forming  sodium 
carbonate.  Prom  160  to  260  there  is  again  a steady  and  rapid 
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PLATE  I. — Water  Containing  Bicarbonates  of  Alkalies 
and  Alkaline  Earths  Treated  With  Lime. 
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decrease  in  the  alkalinity  to  methyl  orange  as  noted  by  the 
curve.  The  calcium  carbonate  is  decreasing  but  slightly 
while  the  magnesium  carbonate  decreases  rapidly  . The 
phenolphthalein  curve  is  again  constant.  In  this  stage 
magnesium  is  being  reacted  upon.  This  accounts  for  the  de- 
crease in  the  methyl  orange  alkalinity  and  the  constancy  of 

f i vi  | f o v \ 

the  curve  representing  phenolphthalein  alkalinity.  E- 
quations  representing  the  reactions  of  each  stage  may  be  writ- 
ten as  follows: 

I 2H2C03  + Ca (OH) 2 - Ca(HC03)s  + 2Ha0 
11  Ca(HC03 }8  + Ga(OH)s  - 20aC03  + 2H20 
III  2lTaHC03  + CafOHjg  ♦ UaC03  + GaCOs  ♦ 2H20 

35 

IV  (a)  Mg(C03)H2C03  ♦ Oaf  OH)  2 3 MgC03  + CaC03  ♦ 2H*0 
fb)  MgG03  + Ga(OH)3  2 Mgf0H)2  ♦ CaC03 

Let  us  now  consider  the  amount  of  lime  required  by 
these  reactions. 

One  part  of  carbon  dioxide  or  calcium  acid  carbonate 
reacts  with  one  of  calcium  oxide  or  hydrate.  Two  parts  of 
sodium  bicaroonate  or  magnesium  bicarbonate  react  with  two 
parts  of  lime. 

% 

Stating  this  in  a different  way,  the  alkalinity  due 
to  sodium  bicarbonate  and  magnesium  bicarbonate  as  represented 
by  titration  with  sulphuric  acid  indicate  only  one  half  the 
lime  with  which  it  reacts.  For  example. 

2HaHC03  + HgSO*  3 Ha2S0*  ♦ 2H2G03 

2IaHCQ3  + 2Caf  OH)  2 3 2Ea0H  * 2CaG03  + 2H20 
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Thus  2 of  ITaHCQs  to  1 EaSO* 

2 "2  Ca( OH) a 

From  the  analysis  we  may  calculate  the  amount  of 
lime  needed  hy  the  various  substances  . 


‘±7  X i 5 47  0^0  £.<*.<2-0^ 

CaC03  “ 189  x 1 s 189 

MgC03  r 148  x 2 - 296 

ITaHCG3  z 70  x 2 = 140  * ' 

Total 672 


Allowing  for  the  calcium  and  magnesium  still  present 
in  the  water  after  treatment  as  follows : 


CaCOa  s 40*0  parts  per  million. 
MgC03  e>  47,8  " " 

Total.  87.8 


672  - 88 • s 584.  parts  per  million,  the  amount  of 
lime  we  would  expect  to  use.  In  our  experiment  576  parts 

to  make  the  alkalinity  to  phenolphthalein  equal  to  one  half  the 
alkalinity  to  methyl  orange. 

In  order  to  confirm  our  conclusions,  it  was  thought 
desirable  to  try  the  same  experiments  on  a water  of  the  same 
type  hut  haring  different  amounts  of  each  mineral  constituent. 
Consequently  a water  from  a deep  well  belonging  to  the  Illinois 
Hotel  Company,  at  Bloomington,  Illinois,  was  selected.  Owing 
to  the  small  amount  of  water  available  these  tests  were  made 

cn  only  280  e.c.,  using  a corresponding  amount  of  lime  water 
Oi  almost  the  same  strength  as  used  on  the  previous  experiment. 
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Table  III  gives  the  volume  of  lime  water  and  amount  of  lime 
used  per  liter  for  each,  test,  together  with  the  analytical 
results  obtained.  These  are  shown  diagramatically  on  Plate 

II. 


On  inspecting  Plate  II  its  similarity  to  plate  I is 
immediately  seen.  There  is  a similar  decrease  in  the  methyl 
orange  alkalinity  accompanied  by  a corresponding  decrease 
in  calcium  content.  Then  we  note  that  the  alkalinity  to 
methyl  orange  is  constant  and  that  the  alkalinity  to  phen- 
olphthalein  increases,  showing  where  sodium  carbonate  is  being 
neutralized  and  magnesium  acid  carbonate  is  being  changed  to 
normal  carbonate.  Again  we  have  the  same  decrease  in  al- 
kalinity to  methyl  orange  with  corresponding  decrease  in  mag- 
nesium content,  and  finally  all  the  constituents  increase 
showing  that  an  excess  of  lime  had  been  added. 

Magnesium  and  calcium  was  determined  in  only  eight  of 
the  lime  tests  owing  to  the  similarity  of  the  alkalinity 
curves  obtained  to  those  from  the  first  experiment  tried. 

The  rapid  methods  of  analysis  gave  the  following  re- 
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PLATE  II. — Water  Containing  Bicarbonates  of  Alkalies  and 
Alkaline  Earths  Treated  With  Lime. 
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A mineral  analysis  made  May  29,  1906  gives  the  fol* 
lowing  results: 

IOES  HYPOTHETICAL  COMBIHATIOIS 


Parts  per 

Parts  1 

Grains 

Million* 

per 

Million 

1 

per 

Gallon. 

Potassium  K 

4*9 

Potassium  nitrate 

kho3 

,6 

.03 

Sodium  Ha 

84.4 

Potassium  chloride 

KC1 

9 .0 

.52 

Ammonium  JH* 

10  .8 

Sodium  chloride 

Had 

15.2 

i89 

Magnesium  Mg 

30*1 

Sodium  sulphate 

Ha2SO* 

4.4 

.26 

Calcium  Ca 

55*9 

Sodium  carbonate 

la2C03 

177.2 

10.33 

Iron  Fe 

6,6 

Ammonium  carbora  te 

(HHj2CO 

3 28*7 

1.67 

Alumina  A1203 

1.4 

Magnesium  carbonate 

MgC03 

104.2 

6.07 

Hitrite  H02 

.4 

Calcium  carbonate 

CaC03 

139.5 

8.13 

Chlorine  Cl 

13.5 

Iron  carbonate 

FeC03 

13,7 

.80 

Sulphate  SO* 

3.0 

Alumina 

Al  g03 

1.4 

*08 

Silica  Si02 

17,7 

Silica 

SiOg 

17,7 

1*03 

Bases 

•6 

Bases 

Total-*-™ — 

»5 

.03 

29.84 
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Tn  comparing  the  theoretical  amount  of  lime  with  the 
actual  amount  used,  the  same  basis  of  comparison  was  used  as 
in  the  preceeding  experiment  and  is  as  follows: 

COs  requires  19,  x 1 3 19  parts  per  mill,  as  calcium  carbonate 

CaCO?  " 118  x 1 3 118  " " " " 


MgCC3  " 104  x S = 208  " " 

HaHC03  ” 160  * 2 - 320  " " 

Total . _ _ ^ 555  n i»  If  n 


Allowing  19  parts  per  million  of  calcium  carbonate  for 
calcium  carbonate*  and  15  parts  per  million  of  calcium  carbon™ 
ate  for  magnesium  carbonate,  or  a total  of  34  for  calcium  and 
magnesium  carbonate  left  in  the  water  we  have  631  parts  per 
million  of  lime  water  accounted  for.  616  parts  per  million 
being  the  actual  amount  used.  This  is  a difference  of  only 
15  parts  per  million  of  lime  as  calcium  carbonate. 

To  test  the  efficiency  of  caustic  soda,  to  compare  the 
reactions  with  those  of  lime  and  to  obtain  if  possible  ex™ 
planation  of  the  chemical  changes  the  next  experiment  tried 
was  with  caustic  soda.  The  University  of  Illinois  water  sup- 
ply the  same  water  as  in  the  first  experiment  was  used.  The 
caustic  soda  solution  was  made  just  ten  times  as  strong  as  the 
lime,  used  in  the  previous  test  and  no  correction  is  made  for 
the  dilution. 

The  amounts  used  and  the  results  of  calcium  and  mag™ 
nesium  determinations  in  the  filtrates  are  shown  in  table  JTo. 
IV,  and  the  results  are.  plotted  on  plate  III.  As  was  ex- 
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peeted,  we  have  a slight  decrease  and  then  a steady  increase 
in  the  methyl  orange  alkalinity.  The  phenolphthalein  al- 
kalinity increases  in  this  case  stead.ily#  We  have,  however, 
the  calcium  coming  out  twice  as  fast  as  with  lime  and  the 
magnesium  starting  to  come  out  sooner  hut  coming  out  one 
half  as  fast*  Compare  plates  X and  III  « The  first  reaction 
is  between  the  carbon  dioxide  and  sodium  hydroxide  and  may 
be  written  as  follows: 

CO 2 + UaOH  s laHCOs 

Here  we  have  an  increase  in  alkalinity  due  to  sodium 
bicaroonate  formed,  next  we  have  the  caustic  soda  reacting 
with  the  calcium  bicarbonate  up  to  the  point  where  80  c.c. 
have  acid  added* 

2CaC03H2C0a  ♦ 2faOH  « 2CaC03  + Ha2C03H8CQ3  + 2H20 

_ • ^bis  sax  reaction  when  lime  is  used  may  be  written 

CaC0aHsC03  + CafOHJs  z 2CaC03  + HgO 

Comparing  these  two  equations  it  is  evident  that  in 
tne  case  of  caustic  soda,  two  equivalent  of  calcium  acid  car- 
bonate present  in  the  water,  are  being  removed  as  compared 
with  but  one  that  calcium  hydrate  removes,  and  since  one  part 
of  calcium  hydrate  is  equivalent  to  two  parts  of  caustic  soda 
it  is  evident  why,  the  calcium  acid  carbonate  is  being  pre- 
cipitated twice  as  fast* 

On  inspecting  plate  III,  from  30  c.c.  to  170  o.e.  we 

see  that  the  calcium  carbonate  oontent  is  constant  and  that  the 

Ao 

agneeium  is  slowly  iscreasing  making  but  a 3light  decrease  un- 
wxi  170  c.c*  are  added,  whereupon  it  decreases  faster  but  not 
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PLATE  III. — Water  Containing  Bicarbonates  of  Alkalies  and  Alkaline  Earths 
Treated  With  Caustic  Soda. 
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as  rapidly  in  our  first  experiment.  It  is  probable  that 
the  formation  of  sodium  carbonate  is  indicated  by  the  phen- 
olphthalein  alkalinity.  From  170  c.c.,  the  magnesium  is  being 
precipitated,  and  as  we  have  stated  is  reacting  with  sodium 
hydroxide  only  one  half  as  fast  as  it  did  with  lime.  This 
difference  is  explained  when  we  consider  the  reactions  which 
take  place  when  lime  and  caustic  soda  react  with  magnesium* 

(a)  MgOOsHgCOa  + Oaf  Oil)  8 — MgCQ3  + CaOOa  +■  ^HgO 

f b)  MgC03  + Ca(0H)s  3 Mg(0H)e  + CaC03 

fc)  MgC03HgC03  ♦ 4Ua0H  - Mg(0H)s  + 2Ha8G03  + 2H8Q 

In  the  case  of  calcium  hydrate  two  parts  are  nec- 
essary to  precipitate  magnesium  hydrate.  In  the  case  of 
caustic  soda  four  parts  are  required,  and  since  one  part  of 
calcium  hydrate  is  equivalent  to  two  parts  caustic  soda  it 
is  evident  that,  magnesium  hydrate  is  precipitated  twice  as 
slov  • 

Having  experimented  with  a water  containing  princi- 
pally carbonates  it  was  decided  to  experiment  with  a water 
containing  the  sulphates  of  alkaline  earths.  For  this  pur- 
pose water  from  a shallow  well  used  by  Dean  Bode  Mfg.  Co,» 
at  Champaign,  Illinois  was  chosen.  The  analysis  of  this 
water  is  as  follows : 


loirs 
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HYPOTHETICAL  C OMBIH AT I OHS 


Parts  per 
Million* 

Barts  per  Grains 
Million,  per 

Gallon . 

Sodium  Ha 

33.4 

Sodium  nitrate 

HaH03 

1.6 

.09 

Magnesium  Mg 

60  .0 

Sodium  chloride 

HaCl 

39.6 

2.31 

Calcium  Ca 

106.9 

Sodium  sulphate 

Ha2S0* 

53,7 

3.13 

Oxide  of  Iron 
& Alumina 

2.2 

Magnesium  sulphate 

MgSO* 

145.7 

8.49 

Hitrate  H03 

1.2 

Magnesium  carbonate 

MgC03 

36.4 

2.12 

Chloride  Cl 

24.0 

Calcium  carbonate 

CaC03 

2 66  .8 

15.56 

Sulphate  SO* 

152.5 

Oxide  of  Iron 
& Alumina 

FegOa  + 
Ale03 

2.2 

.13 

Silica  SiOg 

11.0 

Silica 

SiOg 

11.0 

.64 

Bases 

3.0 

Bases 

Total  Mineral  Matter 

3.0 

560  .0 

.17 

32.64 

Our  first  experiment  with  this  water  was  treatment 
with  lime.  This  was  carried  out  as  described  in  the  previous 
experiments.  Table  Y contains  the  data  collected  and  Plate 
Ho.  IY  the  plotting  of  this  data.  In  addition  to  the  al- 
kalinity, magnesium  and  calcium,  incrustants  were  determined 
by  the  rapid  method.  As  in  the  previous  experiments  where 
lime  has  been  used,  the  alkalinity  to  methyl  orange  increases 
first  due  to  carbon  dioxide,  accompanied  by  a corresponding 
Increase  in  calcium  content.  From  zero  to  140  the  magnesium 
content  has  decreased  but  slightly.  Thus  far  the  curve  is 
similar  to  the  one  developed  when  lime  is  applied  to  a water 
containing  carbonates  of  alkalies  and  alkaline  earths. 

From  140  to  200  the  calcium  and  magnesium  content 
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PLATE  IV. — Water  Containing  Bicarbonates  and  Sulphates 
of  Alkaline  Earths  Treated  With  Lime. 


TREATMENT  OP  WATER  PROM  SHALLOW  WELL,  CHAMPAIGN,  ILLINOIS,  WITH  LIME 


1 

-P 

47  - 

cq  co 

a 

o> 

o- 

O co  -cHH  O O CO 

o cv? 

Q -P 

tti 

o 

• 

a 

# a • a a • 

a a 

u a 

-ft 

a «h 

CQ 

H 

tQ  ^ lO  CV7  ^ a> 

IQ  H 

o 5 

a 

03  rH 

O 

cr> 

OO® oo© 

CT>  <T> 

P 

ct) 

Ph  i — i 

rH 

rH  H 

M 

Ph 

•H 

n 1 

O O O 03 

a 

MB'k  g 

CQ 

o 

H CO 

ip 

CO  O'’  0.2  CO  H O 

CO  CP 

a fn  p 

-ft 

a *h 

a -» 

a 

a * a a a a 

a a 

H 'd  1 — i 

a 

© H 

CQ  ^ 

£>•  00  CO  £>  O 

CQ  UQ 

S3  O ffi  O 

cd 

Ph  rH 

C-  £> 

e- 

O © c?  H (Q  O 

cC 

a 0)0  (> 

|Ph 

•H 

rH  rH 

H 

H H H H H 

P • 

m 

•H  t>  O 

to  o 

1 

o)  « a o 

•rH 

K l 

H IP 

CO 

CD  O 03  CQ  H H 

CD  CQ 

a ph  o 

rH 

£ 

a a 

a 

a a 

iaD  « Jh  o 

rH 

53 

£>  CO 

CQ 

CO  U3  03  rH  CO  ^ 

CQ  rH 

cd  CiQsh  ip 

•H 

a 

lO  IP 

IQ 

"■ct*  HW  ^ CO  02 

a a c\j 

s 

&o 

» 

-p 

op© 

a 

a©  o S 

CO 

o 

^ CO 

CO 

CO  00  CO  CO  CO  cc 

co  IP 

o u «h  3 

H3 

Jh  *h 

• a 

a 

a a • a » • 

a a 

O ft  H 

a 

© H 

CO  c- 

H 

H1  CO  O c£)  CQ  C\J 

cr>  07 

a)  o fd  o 

cd 

PtrH 

co  O 

CO 

H cO  £>-  CD  <J>  CO 

cr>  co 

O O Q>  > 

• 

Ph 

•H 

§ 

02  CQ 

H 

rH 

C<7 

S O 

a 

•h  a o 

I 

© 

O ♦H 

•rH 

a 

CQ 

O 

H*  CC3  CO  rf  H <P 

CQ  co 

H O 

I — 1 

a 

• • 

a 

a a a a a a 

» a 

a o lo 

H 

a 

S>-  W 

•fm®  o ho 

H 0> 

O ON 

*H 

so 

CQ  H 

02 

H rH  < — 1 

rH  07 

O 

a 

+3  © 

o a s 

co 

a 

O 03  O p 

+3 

a o 

+3  03  a'H  H 

a 

© .H 

aHowco^HJ>®ooa5^^ 

CO  H*  CD  H*  CQ 

oo  a o 

a 

PhH 

CQCOCriLOWrHOCQWWHcO'O'^cPOOtQ 

>»  a o > 

Ph 

rH 

CQCQWCVJWCPHHHHH 

H H 

■P  C30 

•h  a 

a o oo 

•H  P> 

H rH  tfi 

a 

cd  >»  a 

CO 

o 

r^a-p 

-P 

a h 

WLOai©a»HCr>©0*^tQHfttW©CQH 

HPH 

a 

© rH 

CQ^OCQOO'cOHHOC^cPtPCQ'^cOOOO 

<S  (13  *H 

cd 

PhH 

CQCQCVJCJOJHHHHH 

tH 

Ph 

•H 

H 

03 

a -P  03 

o -h  o a s 

a 

p © © o o 

CQ 

o 

H a'MH 

-P 

£h  *h 

OOOOOO-'tfiOOOCOOOOOOO 

>s  as  a o 

a 

© rH 

• a a a a a a 

a a a # a 

PrdO  !> 

a 

PhH 

t>tOH©HCJOl®OH1WO 

•H  -P  O 

Ph 

•H 

HCQCQCOWWoj^caCOH 

a ,a 

iss 

fH 

•H  ft  © 

H H -P 

a 

03  o a) 

to 

o 

x a a 

+3 

£-4  *ri 

OOOOOO^03N>^M<li©oiMO^'-C 

H ©P 

a 

© rH 

• a a a • « a 

a a a a a 

<*J  ,3  rH 

o3 

PhH 

©H©0©ffi©CdHHWW 

PH  *H 

Ph 

•H 

HNWWHHWCQ^©© 

<23 

j 

+>  a 

H 

CO 

« *H  t) 

H 

£ 

OHOQ-^lOcOt>COOHCVJCQ-^tO£>-CDChO 

a p?  a? 

H 

3 

^COCVJcOO-^CDCQO-HlPcnCQC-HiPO 

c CO 

H 

a 

HrHWcjCVlCQCQH'^HLQuOcOCOC- 

4^ 

21  60 

03  a 

•> 

a at) 

• 

O O O O O 

ooooooooooooo 

•HP  O 

o 

ft}  03  W 

• 

HHHHHWWN02  W«  tO© 

is  £> 

o 

• 

o 

H<MCQ'^cPcO£HCOO'HOHC'JCQHiO*Of>00 

|S5 

HHHiHHHHHH 

- 48  - 


and  methyl  orange  alkalinity  are  practically  constant  while 
the  alkalinity  to  phenolphthalein  is  increasing  up  to  160* 
between  these  points  140  and  200  we  consider  that  calcium  is 
removed  as  completely  as  possible  and  it  is  supposed  that 
magnesium  acid  carbonate  is  being  changed  to  normal  magnesium 
carbonate*  From  200  to  240  the  magnesium  is  being  removed 
rapidly,  accompanied  by  a corresponding  decrease  in  alkalinity 
to  methyl  orange  and  slight  decrease  in  phenolphthalein  al- 
kalinity. From  240  we  may  consider  that  an  excess  is  being 
added  since  all  the  compounds  are  Increasing.  The  incrustants 
remain  constant  throughout  since  lime  reacting  only  with 
magnesium  sulphate  forms  a corresponding  amount  of  calcium 
sulphate.  Let  us  now  consider  how  much  lime  should  have 

been  used  theoretically  and  compare  with  actual  amounts. 

£>4 

C02  ^ requires  24  x 1 - parts  per  million  lime  calcium 


MgC03 

" 104 

x 2 - 208  " 

TT 

TT  TT 

carbonate , 

TT 

Ca 

" 266 

x 1 g 266  " 

rr 

TT  TT 

TT 

Total 

498  n 

TT 

tT  TT 

TT 

At  240  we 

have  added  494 

parts 

per  million 

of  calcium 

hydrate 

which  compares  very  closely  with 

the  actual 

amount 

used  498  parts  per  million. 


For  our  next  experiment  we  treated  the  same  water  with 
a sodium  carbonate  solution  of  a strength  approximately  that 
of  the  lime  water  used.  Alkalinity,  calcium,  and  magnesium 
wag:  determined  as  in  the  other  experiments  and  are  tabulated 
on  table  VI  and  plotted  on  Plate  V, 
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Upon  inspection  of  this  curve  it  is  to  he  noted  that 
the  magnesium  content  is  practically  constant  throughout,  show- 
ing that  magnesium  cannot  he  removed  in  the  cold  with  soda 
ash. 

The  calcium  content  after  the  neutralization  of  car- 
bonic acid  decreases  rapidly  to  120,  From  120  to  240  its  re- 
moval is  more  gradual  after  which  it  is  constant. 

The  incrustant  content  after  20—  decreases  rapidly 

and  after  70  we  have  negative  incrustants,  or  excess  of  sodium 
carbonate  * 

The  alkalinity  to  methyl  orange  increases  at  a greater 
rate  after  140  is  reached.  At  this  point  also  the  alkalinity 
to  phenolphthalein  is  apparent. 

From  0 to  20  then  carbon  dioxide  is  being  neutralized 

HasG03  4 COg  * Hs0  3 2IaHG0a 

From  20  to  lt>0  calcium  bicarbonate  is  being  removed. 

CaG0gHgC03  4 IasC03  « CaC03  4 2ITaHC0a 

From  140  on  we  have  no  action  except  increase  in  al- 
kalinity and  the  removal  of  a small  amount  of  lime. 

It  is  evident  that  the  softening  of  this  water  with 
soda  ash  alone , would  not  he  of  much  avail , since  calcium  com- 
pounds  alone  are  effected. 

This  brings  us  to  the  consideration  of  treatment  with 
a combination  0?  soda  ash  and  lime. 

It  was  thought  test  to  add  the  soda  ash  first  to  each 

of  the  teats  and  then  follow  this  with  the  lime  water.  Con- 
sequently a sodium  carbonate  solution  was  made  each  cubic  cen- 
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timet er  of  which  contained  10.58  parts  per  million  of  sodium 
carbonate  as  calcium  carbonate.  Eleven  cubic  centimeters  of 
this  solution  was  added  to  each  test  making  116.  parts  per 
million  of  sodium  carbonate  as  calcium  carbonate  for  each 
test.  By  the  rapid  method  the  incrustants  were  determined 
giving  103  parts  per  million  as  calcium  carbonate,  so  that 
116  parts  per  million  of  sodium  carbonate  would  give  an  excess* 
The  lime  used  in  this  experiment  was  weaker  than  in  the  previous 
ones.  The  results  of  this  experiment  are  tabulated  on  Table 
VII  and  are  plotted  on  Plate  VI* 

The  calcium  content  is  stationary  after  100;  while  mag- 
nesium does  not  begin  to  be  removed  until  240  c.c.  have  been 
added,  whereupon  it  decreases  rapidly  until  280  c.c*  have  been 
added*  Prom  this  point  all  the  determinations  with  the  ex- 
ception of  the  incrustants  increase.  The  incrustants  as  was 
expected  are  removed  in  each  case  by  the  addition  of  sodium 
carbonate  • 

Upon  further  inspection  of  Plate  V the  following  con- 
clusions are  deducted.  That  the  removal  of  calcium  is  ef- 
fected along  the  same  lines  as  in  our  previous  experiments. 

Prom  100  to  240  - all  the  determinations  are  constant 
with  the  exception  of  alkalinity  to  phenolphthalein  and  methyl 
orange • 

The  alkalinity  to  phenolphthalein  is  increasing,  up  to 
180  and  the  alkalinity  to  methyl  orange  is  stationary.  It 

must  be  then,  that  a normal  carbonate  is  being  formed  since  there 
are  no  other  constituents  in  the  water  that  would  produce  this 
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PLATE  VI. — Water  Containing  Bicarbonates  and  Sulphates 
of  Alkaline  Earths  Treated  With  Soda  Ash  and  Lime. 
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change  in  methyl  orange  and  phenol phthalein  alkalinity  . 

Since  the  magnesium  is  constant  and  calcium  has  been 
reduced  it  must  he  magnesium  acid  carbonate  which  is  reacting 
with  lime  and  sodium  carbonate  producing  normal  magnesium  car- 
bonate • 

From  180  to  240  we  have  the  alkalinity  to  phenolphtha- 
lein  decreasing  and  to  methyl  orange  increasing  again.  Also 
more  calcium  is  being  removed*  Accounting  for  the  decrease 
in  both  alkal ini ties* 

In  comparing  the  theoretical  amount  of  lime  and  soda 
ash  to  use  with  the  actual  amounts  used*  we  find  here  some 
considerable  discrepancy*  The  following  is  the  amount  which 
would  theoretically  be  used* 

COfc  x 1 a 24  parts  per  million  3 

Incrustants  x 2 - 232  parts  per  million*  u 
CaC03  x 1 - 266  parts  per  million* 

MgC03  x 2 - 114  " " " 

Total 636  " 

Allowing  102  parts  per  million  for  calcium  and  magnesium 
still  present  in  the  water  we  have  534  parts  per  million  left* 
Considering  the  amount  used  when  treatment  is  at  its  best*  we 
have  added  a total  of  620  parts  per  million. 

In  looking  up  the  literature,  to  see  if  other  work  had 
been  done  along  this  line,  an  article  entitled  "On  Certain 
Factors  influencing  the  Preeipitati  m of  Calcium  and  Mag- 
nesium hy  Sodium  Carbonate",  by  J.  M.  Stillman  and  Alvin  J. 

Cox,  was  found** 
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* Journal  American  Chemical  Society,  25,  732. 

In  their  work  varying  amounts  of  sodium  chloride  and 
sodium  sulphate  were  added  to  a solution  containing  mag- 
nesium  calcium  chloride5  and  the  amount  of  magnesium  and 
calcium  left  in  solution  was  noted  when  sodium  carbonate 
alone  or  calcium  hydrate  alone  ^rere  added.  Thes exterminations 
were  made  un&dr  varying  conditions  as  to  temperature  and 
agitation.  The  time  of  precipitation  was  also  noted.  They 
showed  by  their  experiments  that  sodium  chloride  did  not  af- 
feet  magnesium*  Sodium  sulphate  was  a3n>e  found  to  affect 
the  precipitation  to  a greater  extent  than  sodium  chloride. 
Sodium  chloride  was  shown  to  affect  the  precipitation  of 

magnesium  with  calcium  hydrate.  Temperature  and  agitation  al- 
so affected  the  precipitation  of  magnesium^ since  better  re- 
sults » that  is  a larger  removal  of  magnesium,  was  obtained 

O^OLaJ- 

when  the  solutions  were  Mitt  and  allowed  to  stand  for  some 
time  . 

SUMMARY. 

In  this  thesis  it  has  been  determined  that  the  rapid 
mwthods  of  analysis  are  quite  satisfactory  to  use  for  de- 
termining the  amount  of  reagent  necessary  to  add  to  soften 
a water. 

It  has  been  shown  thatt  In**t^wa^er  which  contains 

K ■>  ■ 

free  carbonic  acid,  bicarbonates  of^os^lvaa.  and  mag- 

nesium  A with  lime,  the  order  of  their  v'ea.cfttftj/v  is  car- 
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bonic  acid,  calcium,  sodium,  and  magnesium,  respectively. 

It  has  "been  shown,  that  when  this  water  is  softened  with 
caustic  soda  that  the  order  of  reac.t’iova  is  the  same  and  that 
calcium  is  removed  twice  as  fast  and  magnesium  twice  as  slow 
as  when  lime  is  used* 

It  has  Tbeen  shown  that  when  a water  containing  sulphates 
and  carbonates  of  the  alkaline  earths  is  treated  with  lime  and 
soda  ash,  that  the  order  of  removal  is  the  same,  and  probable 
that  magnesium  acid  carbonate  is  all  first  changed  to  some 
other  form  before  precipitation  as  magnesium  hydrate  is  ef- 
fected* 

It  has  been  shown  that  two  parts  of  lime  for  one  of 
sodium  bicarbonate  are  nesessary  for  neutralization  with  lime. 

It  has  been  shown  conclusively  that  a water  containing 
sulphates  of  the  alkaline  earths  cannot  be  softened  by  means 
of  lime  or  soda  ash  alone. 

While  definite  conclusions  have  been  made  regarding 
softening  with  lime  and  caustic  soda  of  a water  containing 
bicarbonates  of  alkaline  earths;  more  experiments  should  be 
conducted  along  this  same  line  on  a water  containing  notable 
quantities  of  other  sodium  salts  than  the  carbonate. 

That  the  softening  of  a water  containing  sulphates  of 
alkaline  earths  with  soda  ash  and  lime  is  not  thoroughly 
understood,  and  that  more  work  should  be  done  along  this  line; 
also  to  find  what  effect  other  salts  of  sodium  have  on  a water 
containing  alkaline  earth  sulphate. 
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